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In deciding as to the most suitable assumption to make in the hypothetical case of a perfect gas, the most natural plan is to regard the equation pv = B T as a limiting case of van der Waals7 equation or some analogous form. But when van der Waals' equation is written in the form of a cubic in v and the constants a, & in it are subsequently made equal to zero, two of the roots of the cubic vanish. We conclude that in order to bring the properties of perfect gases into harmony with those of ordinary gases we must take the limiting form of the result of the preceding investigation when the ratio of the volumes of the liquid and gaseous phases is made infinitely small.
We thus have the result that the partial potential of a perfect gas at given pressure and temperature is independent of the other gases with which it is mixed.
The loss of available energy and gain of entropy by the diffusion of two such gases then follows the laws discussed in Chapter XII.
[If we adopted any other hypothesis, as, for example, that no available energy was lost by the diffusion of perfect gases, the study of the properties deduced from such an assumption would be devoid of physical interest and the "perfect gases" so defined would possess no resemblance whatever to actual gases in regard to these properties.]
157. To find the  fundamental  equation  of the mixture in the
form of a relation between p, T and the potentials, we first transform the equation (Chapter XII § 122) for the potential of a single gas so as to give $ explicitly thus
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We now notice that when the gas occurs in a mixture the partial potential p takes the place of fj, and the partial pressure of the gas is determined by the same equation. And since the total pressure of the mixture is equal to the sum of the partial pressures of its components we get for the fundamental equation of the mixture
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j/             where the accented letters denote quantities  which  are  different for
'             the  different   gases1),   and  the   sign   of  summation  refers   to  these
I             several gases.
1)  This is reducible to the form given by Gibbs on substituting for y   and #0.-)-£ log J3 for <70.
, Thermodynamics.. Suppose A, S to be two substances which can never mix. If A is at the triple point, the temperature and pressure are known. These will not in general satisfy the condition for equilibrium between two phases of J?, and hence S only can occur in one phase, giving four phases altogether, in accordance with the rule.
